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Controlling polymer brush growth on nanoparticle (NP) surfaces and understanding how 

surface initiator density influences grafting density and chain conformation remain key 

challenges, particularly for hydrophilic systems compared to widely studied hydrophobic 

substrates [1]. Here, hydrophilic tetraethylene glycol (TREG)-stabilized Fe₃O₄ NPs (IO 

NPs) were employed as a model to study how interfacial initiator loading governs polymer 

brush growth under confinement.  

 

A pre-synthesized ATRP initiator was immobilized on IO NPs of size ~ 8nm, followed by SI-

ARGET ATRP. Initiator loading was systematically varied to tune the polymer grafting density 

while maintaining identical polymerization conditions. Using poly(methyl methacrylate) 

(PMMA) as a non-pH responsive model [2], this enabled isolation of interfacial effects and 

direct evaluation of how initiator density influences chain propagation from curved surfaces. 

Initial studies yielded grafting densities of approximately 0.02–0.07 chains/nm². These were 

quantified using TGA, MP-AES, and STEM-derived particle size, GPC molecular weight 

data, enabling comparison across different initiator loading ranges.  

 

The platform was extended to pH-responsive poly(2-(diethylamino)ethyl methacrylate) 

(PDEAEMA) brushes, where grafting density strongly influenced chain conformation and 

responsiveness. DLS revealed density-dependent swelling, with enhanced chain extension 

at lower pH due to protonation of tertiary amine groups; higher grafting densities led to 

significantly amplified size changes. These results demonstrate that grafting density, tuned 

via initiator loading, governs the structural evolution and functional response of polymer 

brushes on hydrophilic IO NPs surfaces. 
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